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(54) ANODE MATERIAL FOR LITHIUM SECONDARY BATTERY, METHOD FOR PRODUCING 
THE SAME AND SECONDARY BATTERY USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a lithium secondary battery, excellent in several 
characteristics such as cyclic property and safety, by providing a negative electrode formed of 
a carbon material free from selectivity and limitation for an electrolyte and having a small 
potential change when lithium ion is released. 

SOLUTION: A part of the edge part of the crystal of a carbon core material or the whole part 
thereof is covered with a carbon material for covering and is almost spherical or ellipsoidal in 
shape. The specific surface area measured by BET method is 5 m2/g or less and the carbon 
material for covering has a lower crystallinity than that of the carbon core material. 
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^sswj 7 k iridic LTi# e>nfcffisae -y ^aa^& v ^^ 
fcift&Mt:e-y^aaiis8<oit«®a. KJt«, Rffl** 

tfi (iBWTOtt^OiWMWSWfii** 1 IcflHtTw 

stt k nauca i ~i 50 M wt s c k 

0, aas^fiKTam&Hte-y^ii, s««tot*s B B B 

AJBIMBtt. «a«*«*T**«f blf «f 

j: 0 aa « n, x -y *jw>h *wi < * o t v ^5 c k tftm 

mft??Sk LT1moldm-30LiCI04*TS^-&^:X i 9 : -lx 

h k s;x^*-#*- h k ^^;U^d e 

**-hkOtB^?S* (3:3:4) ttm^X. mm~-k 
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m 



m 

IS* £ 2 EflH* TaW. 

WROAiSIMB (*'L>SSD50=7.5, 1 m, fttft»*=0.1~ 
150 /i m, d002=0. 336nm, Lc=100nnu 13=97(1111, Jt^ffiffl= 
10.8m2/g. Ml=0.26, KJt«=2- 25g/cm3) SOgt&bfr 

^ (*/U>5F8#M'-*» b;l/x^8»30» 100 
gii^SOOnilcD-tr^Wl'^^^^tcv^n, MEETO^* 
V^T-B^U 3)ftEfi50torr)200lCK:T2^IHaH$S'& 

u ea^y aenfeaae*** on 

lawaawraLfc*. aai^ asifc-y^aaatt 

%i#fc 0 C commV-v ^«BWfl«O+iL*SD50*aBE 
Lfc fc C 57. 7 /i mT'feofco Sttt?fc* ASSatB©*'^ 
ttgD50»7. 5vmX*3oitc<DX^ e-y^a©**t*0. 1 fi 
m-C**. c©aKt!-y^&a*8J©ffiatk 

%T»* 5 C i: *» 6 > - com^ e -y f-ttH*»0««lt 

0. 104T-&3,, c<Ott«ev^tfilMl«B*S**iB 
jSttfUOOOiC-CIBSUB (Baa^S-C/hr) SfcfiRU mftb CO 

■&-c a**, c ©n&Mbtf -y ^anaoiftfit^siffio 
%tttmm.Ko. 1-150 M «»c»***rr*ci:«« 
stB*n, sfc xa@*TBJj£*s**>» 

«c*o, »aa«MW**»fl:tr s««fco 

£ AJMMBtt, «aa*»lW*JMBfl:* 

itWlls. ^ft?f8ti:LT1moldm-3©LiCI04«:jg{P^^fc^' 

jotM i o 

StKOAifilMB (+&tt&D50=7.5/itik «t«^ffi=0.1~ 
150/iiru d002=0. 336nnu Lc=1O0nrru La=97nm s tbS®«= 
10.8m2/g, Rffl=0.26, KttS=2. 25g/cm3) 50gi:;&e>fr 

^ U h U-** h;l/X>5F»»30» 100 □ 

a«ev*-«aiMB*»fc« aenfcffi* 

TK20lCT»mH3Jfeiffflabfca, atiib-T. ««fcf-y 

?-&mm&*'&tco c <omm tf * ^-aaaa©***® 

+,C>ttgD50«:7. 5 p ml?* o fc©T\ tf y 
0.05 M mT*fe5c COWH^y^aiMMB©*!*** Jt 

*Bia*sJ:tf*JtB*« i »=*■«-. u vwisao* 

*\ 8. 8%T-SSCfc*^, coaatfyf-aaaftoa t 




!RfB82 002-34 8109 
CD 

a jt»*, ' o. 088T-S So c coffisa tf -y ^»a»fB*aas 

^HM4 , 1000 < €-CiB#H (^!SjSfi25iC/hr) l&fiEU K 

fbL/co coj«fl:eyf-«aiMB©ttaaia, sttM, 

•ttT^-To cOlMBfkKy^aaiMBOlUKMSIII*© 
SSJrt. Sttfc^I^fcO. 1-150 M mU:#*rT£:#-f 5£i:# 

swTfeSAj£iMei±, teaa««ja-r**«Mktr 

-y ^tC J: 0 «a* tU X>y ->*gP»A% < ft o T V>S C 

tfoes n/t. c ©Kit vf v ^«a^& v ^ffl^T ft** 

f^JHb, lgft¥fSi:UT1nK)ldni-3cOLiCI04^:r§fiSS'l±fc:^' 

Ufcc *©3flEttW«aWBa*** 2 ICW^T^-To 
*MHW1 l 

8fcKOA5fiJMB (f *«eD60»7. 5 ^ nu 1 ~ 

150fi«u d002=0. 336nm, Lc=100nnu La=97nm, itSi5S= 
10.8m2/g. Rffi=0.26, Hikfi=2. 25g/cm3) 50gfcfeP»A^ 
Ci6-^Q I Z&£Lrcmt&B0X:<D=i->VZ-fr\Zv 
f- (*y«J>5Fffl»hU-^ h;l/XVFjg^30%) 200 
gfc^lOOOmlO-fe^lwl'^Xrnc^n, 200iClCT2B# 

FbTO^?i^u. *fiiae-y^®a^& v *»fco mznrzm 

Se-y^amfe v 1gPKWUT h/VxVlSP^APA, *^ 
Tlc80°CT*mKj5fej?JaS*U^, ifgj®LT. «8li 

•y ^aajR«B*»fc« ^ ©fflgiif -y ^sajmia©^** 

@D50^ifliJ^ Lfc t C 57. 9 n refeo/io S«©M&'© 
*^&@C50ii7.5/imT-feo/-c©T, tf >y 

o^m-e&Sc c©fMae-y^aam& v ©aait. tta 

i7.3%T-$.5ct:^e., ^©aajt«, o. i73t?$>5 0 c 
©ffliy tf -y f-san^^^H^* 1000 ^^ 1 »M 

(mS^S25*C/hr) ^fiScU, ^ftbfCo C©^fttf-y 

• ?-«aa»©Jtaisa, nttm, Rffl^«ttfi umixrv 

•y^&an&ofig^S'J^©^^ KWkWWKO. 1 
-iso^mic^^-rscfc^Ksn, sfc, mm 

] {be'yf-aaa»©R«©iUKKJ:?), «aa*»«f 

aas *^-r s ^<fc -y f-tt «t o »a « n, x *y ^sb 
aaa»*a^^ft«*fl* 1 '- a»jsi:LTimoidm-3 

m*^2tc^-a:T^-ro 

anifn 1 2 

□ tJ6«©A3^m& v (^'L^gD50=7. 5 irk f4lg#*r»=0. 1 - 
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# 

(13) 

CD 

150/im. d002=0. 336nnu Lc=100nnu La=97nnu itBMW.= 
10.8m2/g, Rffi=0-26, JHitfi=2. 25g/cm3) 50gi;-#Q 

y U >^»3. 9%. b;l/X>^Frg^34%) 100gh£5 
00mlO-fe/^Wl/75X3tCV^ -^ffT200X;iCT2B#P^ 

ffisiss^ife c ©us e <y ^aHmao^MaaiB 

0£i9J£ bfc t C 57. 9 /x mT'&o fc. S*f©JR»<0+'& 
tfrgD50«7. 5 n mX'& o ftOT, Vf y ^® ©Jf *«0. 2 ,i 

7.6%-efeSCfc&&« *«lt», 0.075-pfe*. c©ffl 
Bey^ttaj^fcfiJKSHa^lOWrCTmili! 

J5M6©Jt«ffiSU Kit*, MMsitfl/iBUTOltf© 

y*tt, S0«tOt*£ B B B ftSAMfiv>ci:^¥"JofCo 2 5 
JBdW SKffc £ y * 9 «»* *V xy v>a5##;fl < 
*ffl^Ttffi4fffiU^ m8¥7££LT1moldm-3©LiCI04 

-#s*fc%{tSLfc. ^©TESfcm^ttS'J^^a 2 ic 

*ffi0"J 1 3 

t$ttt<DA3SJI§& (tfiD«ftSD50=7.5/ t m, &S#*ii=0.1~ 
1 50 ^ ro x d002=0. 336nm, Lc=100nm. La=97nm, tkMW9t= 
10.8m2/g, Rfit=0.26, KJ±m=2. 25g/cm3) SOgt&Zfr 

vtb—&Q i *i»*Lfc«cfl:jaio , co3-;i/*-;i/ (* 

/"J>^bU-^ h;t/X>^ig#8%) 100gi;^50 
*IOt;<l/>b77X3C^h, HtffiT20<rcKT2BtHI 

O&SiJ^l/fcfcCS* 7. 6/imT'$>-Dfc„ S«©m§a©4> 
iWftgD503b^7.5jtm"P»ofcOT?, fcfy?-Jl©ff*tt, 

0.05^mT-a&5 o »&nfclll«£y**i»iliB<o«fli 

y^aHJRttOftWttt* 0.078T*&£o COttB^y^ 
hr) KfcLfc. COKfte-y^SWMBOJt* 




!»B82 002-348109 
CD 

©Rffi©J£8H:«fc9> SSB^^fiX-r^Mttfy^fi. 
«*fJ:t)*.IS»ft«3WS^C4:*l««ote. SEM 

fflt \> y ?-!C «fc 0 filStl, x y SWfttf ft <ftoW 
CD ft«*flF»U mS?ffii:Lrimoldm-3©LiCI04^?§S$ 

To £fc ^key^-««JR»*ffl''^fta*ff«L, 
^SSCT 1 4 

i*t*c© ^ VA-^W'fi'ne-XiSBftS ttiA'X 

Si CMCMB-6-28J , >t>,Ls&gD50=6. Onnm. 
=0. 1~50/im, d002=0. 336nnk Lc=50nm, La=90nm, itS 
□0 ®fg=3.0m2/g, Rfil=0.42, *itfi=2. 20g/cm3) 50gi:$) 
SfrUifc— #Q I *l»*.Lfc«tffcjSi80 , CO3-7P*— ^ 

%) lOOg^^SOOmlO-b/^Wl/^yX^lct/^n, ^JET20 
0 , ClCT2^F B iaff)g^U, ffiHtiy fffil^ V*— 

v-r^a e-xjR«Mka*»fe, »6nfcWBtr y ^« 

;l/XV1g|5^iiD^, ^TtcSOtT-lf^FamifSailL*: 
fft. it5SbT, ffl^vfy^a^V*-^>^-Y^ae 
-XIMB<fcift€#fc. c©m«ey v*-#v 
□0 v-T ^ a e-XH^taw^'L^ESDSO^SiJ^ Lfct C 
5, 6.2/iin-r-36ofco S« t LT©H& v ©*^ifiSD50 
(26. 0^ mT-So/-c©T% If y ^Jf ©Jl&tiO. 1 mT-35 
So t©HSlfy^a«*V*-#W^y-ne—X» 

0.098T'S5o CdfflHyfll^y*-*^^^ 

a*25lC/hr) ^fiKL, MtL/£ 0 COfcfkkTyy^Mi 
y V -f ^ n e-XM&Mkp D D©it«®a> *it 

o. ^^umiz^^-t^z.ttmw^ntzo $€>tc 

S« ^ ^k \Z y fSS^< V *-=J< v^W y a e-X*& v 
ikS©Rfii©i±^^<fcf s ase^fiE-rs^kify^- 

Vf y y^aig^ V f a e-XH&Mk D a p«rfflv> 

T^^SU. m^ffii: bT1moldm-3©LiCI04%rS^ 

CD jfi^KLfc. *©*2ft®1$tta!J5t*£**«2fc:5Vro 



* 
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2002-348 109 



m 



m 



1 5 

ifttii<D Amm® (*-L^SD50=16.2 M m, Slt^O. 1~ 
120/im. d002=0. 337nm, Lc=100nm, La=71nm. tbSSffi- 
14.4m2/g. Rffi=0.3U Xtb«1 . 96g/cm3) 50gi:^i6-# 

h/bX>^#30%) 100gk*1000m 
I co-fe^ 9 * ^ E An, 250\J#ffiT5l»IB!WM 

T'5B#F B mi?*flS*Lft&. ffiiSLT. 

SiJSbfci:c5> 16.6,tmT'$>ofcc £**fc'LT©*tt 
©*£41SD50tt, 16.2^mT-feo/t©T', fc!-y^JIO® 
^tiO. 2 M mT-feSo »6tifc««e-y 
it. itMB, *$J:tf*J±S** HczkT. 

ttsoaatttio. ii3-e&So cottStfy 

sgS&SHft** KXXTCtMfltHI (#?r£5lJg25°C/hr) ft 

time**-, o. 1-120 p 

r>£SJIfbg<Dffi^C ttft>frr>tzo SEMtiStiSO 

e -y V c £ 0 »S * n, x -y sTO*****. < * -o r v > s c 
i: a^sb* nfto c osHtvy lt. 

ft«*ft* U *W* L T Imo I dm-3cDL i C 1 04* 
SflStfl l 6 

JfcROAifilMB (+^«ta05O=«.2 < »in, |ft*$MM~80 
ftm, d002=0. 338nm, Lc=83nm. La=63nm, Jt»of*=6. 8m 
2/g. Rfil=0.38, %KMl. 02g/cm3) 50gi:^ 46— ^01^: 

}§#M/-X, h;l/X>*iS#30%) 100g££1000mlO 
■fe^Wl/757.atcAn. 2501C^ET*5^F^«J$il^ 

HIMS1»KJ*bT b^xy3»*ln*, *#TE50tT* 

6B»iB*»»i*ufc«» smut, rasae-y^aa* 

5gLfti:C ; 3. 12.0^mT-3F>ofto SttfcLTOJMB© 
*<bttSDGOIi, 11.6|tBT?*ofcOTf, ^'^B®»* 

uo 2 M mT'&s 0 ff ?,nftffisae-y^asm& v oaa 
»#©wj£ffltfi2. 3%-e** c t^?>. aaittio. 123-e 

TfmHB (#S5IS25'C/hr) ««U KftLftc ff&ti 



mttToffi^o^msvmsffl** iicwr. £ft. » 

SE»flj»ISO«*» 1-80 feOt?* 
0. X»/T«'J^S«S«i:|5]ilT-$.oftc SWkK 

fte-y^aanisoRffloiteEic^D, ajaj&SEKSs 
»»T mmitv v mZti* 0 ttft< us:o«v > c i: # 

iWiMilWitMW:' 2 »y ^k* 9 as^n. 

x-y v ? gC^A , yl< ftotv^ C i:A^5tlg^nft 0 COK 

{te-y^aan^^bT. ft«*f¥«b, mmrnt 
«rt£ajsm**a 2 k^-t. 

*SS0iJ l 7 

^tt©A^H& v (+iMftgD50=18.9^a > ttie»*0.1 
~150fim, d002=0. 340tm> Lc=42nm. La=50nra, ifcBMfe 
=9.2m2/g, R<i=0.49. Htt«1. 82g/cm3) 50gi:^i6-^ 

y^rU-^ h;l/x>^^30%) lOOgt^rlOOOn. 

oo 8«ev*«ffl*«*»fc. '<#&nftmsae>y^ 

aaHiB1gP»c«LT h;l/X^3gB?:iP^. M^TlcBO'C 
T5^HiJfe»«ia*bft*- itiib"^^ ifBiae-y^as 

*»*#fc. c coffi^e y ^aamiBo+^teSDso* 

U^tfti:C.?>. 19. 3fimT*&-3fto 
O*iL«SD50», 18.9^tnT-feoftOT% (i'VflOl 
mtO. 2 M mT'feSo fl&tiftttSHi v ^«««««>** 

s^oaasmtfio. 6%T*$>?> c aait«o. io6t- 
fe?, 0 c©«iitf-y^aaii& v %^iiH^. iooox 

ft^{be-y^aan& v oi:b^ffia. *tb«^ Rtratfin 

S»fli»Jffio*SiR, 0. 1-150 

]^{be y ^asnsjoRfiioit«K * *> . aa«fiEffl^ 

jR«ST?S6*Kfbe >y 9 ttfl{t*<0«v^ c £ 

tffcfroftc ^?>^^ SEMS^O*S^, ^OAit^iB 

k LT Imo I dm-3cDL i C 1 04£rS<PS •iirft 7a \> V V * - 
#*-h*JB^T, ^7K^-^«^^lKL.fto 

mmm 1 8 

7^XA-«OAjim& v (*-L^aD50=23.8fim. m.%. 
fiftQ. 1— 150 /tin. d002=0. 347nm. Lc=25nm. La=15nm. 
tbgffi«=13.5m2/g, Rffi=0-68. *it«1 - 60g/cm3) 50g 

t ^j6-#q i L ft etlb^so^co 3-;i/*->n^y 
^ h u-^^ h;i/xv^}g^30%) ioo 

00 gfc^lOOOmlO-fe^W^^XnKlAn, 250^ET-5 
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CD 

e -y c e ,y *««*iB©«i»i> 

TOfiRttO+iMtaDSOti, 23.8/tmT-fe-p/£OT% tf<y 

?-ji£>j*& »o. 2 mT*fe So » e> nfcfua t? » 

wit**. c©ntae-y^ i 

1000 , CT*1B#H (^Sii*25 

•C/hr) tttfU KfkLfcc W&nfcKfttfv^aa* 

»©JtSB58l» Kit* RffltRtfl/ifWT^tt^** 

g*80Ftt*S 1 Cn***. * fc * 

0 i~l50^nfc#*««T*«»O^*5, X*i[i]»TiffJ£*S 

-P * H<k t; -y ^ K «fc o *« s n, x s;a5» < ft 
otv*z: fcjWHBsnfc. c ©Kite 

ilfflLT. ft«*fM«U ffif$??£2:LT1moldm-3©LiCI 
jUSStflJ 1 9 

SMKOASIIMB («t»iM&gD50=7.5jiin, &fi#W>.1~1 
50/tBk d002=0. 336nm, Lc=100nm. La=97nnu Jt^ffiSM 
0.8m2/g. RfB=0.26. *J**2. 25g/cm3) 50gtT*-5W 

y^HWX, h;l,x>*»#30» 100gi:£500ml 
©■fe/<U;l/77*=HCA*U 300 o C^ET'1^P^ltff^ 

u s«ey^aa*»*»ft. »&nfcffl»e*y** 

BUStfBlffKWLT+y' V >0. Igp^rinA, «JTFK:150 

JSUB*»fco C^«i!i^-y ^tftaJMBO* ^SDSO* 
m^tctCZ. M/inrCfcofco aS*fkbTO«BO 

(±0. 3/xmT-fe^c »6nfc««^-y^*a»«0*« 

it, tt»iai*j:tfjiJtm*« i ,J 

#©ME*tf29. 0%T-$>£ C * 6. *«Jt«0. 290T'fe 
cO««e-y^an«««:S**H*«fx 1000«CTf 
1I$H (mSiSSIOOT/hr) &j£U KftUft. *#e>*l 

fcKfte-yf-«a*is©itsffia, *Jtfi, Rffi*3.fct>*i 

ttKtfftSJffi©**- 0. 1-150 M BK»**«r*tO 




5) ft PjU 2002-348109 

CD 

mmm&&mm%mft-e&zfc<t* » * •> aa* 

n> x-y^tftf^ft^TV^Cfc^iE^tl/to C 
fflEkbrimoldB-30LICI04*jS»«*fc^otrU>*- 

tfMKOAjfiJtiS (cfiL^ta050=7.5^m, SStftfiO. 1— 1 
50/im, d002=0. 336nm, Lc=100nm, La=97nm, JtSB5«=1 
B 0.8m2/g, Rfil=0.26. XftgL 25g/cm3) 25tfc*»-3W 
I^K£Lfc^k^80°C(D3-;l/^-;be-y^ U 
V5p«#hU-X. h>bxy3FS#30» 50gi:^1000nil 
O^Wl/77X3KXtU 30*C#ffi'T3«PlH«fl«* 
L. WBev^*B«MB*»*t- t#e»tvfcffiKt?-y^« 
«*IB1ffl5t::»br7-fehV10»*4aA, M^TlcSO'C 

SiJ^bfci:C5> 7.8 M mT'$»of=o S**kbT©^SBO 

□d ao.i5(irc»«. »6nfc»»ev^*a»»o*« 
s e co«i«e^^aaji(i«*a*»Bi**» iooo^t- 

MltevrWKIUWttXWM* MOM* R«**tf1 m 
aC»*SPJS<0«S*, 0. 1-150 /untC^^WrS^tOT* 

cokittf-y^aan^^fflbT, n«*f^«iu. «w 

ffihLT1moldm-3«LiCI04^r§^^c:7'D^b>*- 
1 

tttOAititB (*,L^gD50=7.5/im, SlS^0.1~1 
CC 50/iin, d002=0. 336nm, Lc=100nnu La=97nm, it%Mffl=l 
0.8m2/g, R{»=0.26, JUtS2. 25g/cm3) 50gk^*6-^Q 
ISMtjfeUfcWbaiO-COa-^*-^ C*^ »J 

h;l/X>^)S»8%) 50gfc*500mlO-fe/<U 
/b^vXatcAn, 250«C^£ET*3B#F^*^}g^L, ftM 

\z v ^aa*ia*»fco » p-nfcffliatr -y ^aam«Bi 

gptcWUT^-^^rfilOgP^riilD^, mXFflcm'CT'm 

fife c cofflSi ^ -y *»«««©*£*lSi>50*ffl£ L 
fete*. 7.5/icnr-feofco ^#e.nfc«iae•y ^aa* 
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(16) 



2002-348 1 09 



in 

OOOX-emM (#S3SS25^C/hr) «j«U BMtbfc. 
tt*»ffiWJ£©tt*- 0.1~150jiniC»***rr 

L m/P?Si:'-^i"'o' dm - 3(DLiC,04 ^ ,p$ * fc:/De 
2 2 

«tt<OA36JR» <*/MfcgD50=7.5/i«, tft*»*0. 1~1 
50 /in) d002=0. 336rwu Lc=100nnu La=97nm, ttSffiSt- 
10.8m2/g, R<g=0.26. XftSZ 25g/cm3) 50gi:^«>-55t tD 

>JF»»b^ h/l/X>^»»30B lOOgh^rlOOOm 
I 7^3 tXft. 250°C#ET-3BtF^*#il 



fcLfcfcC*, 7.6 M BT?*ofc. £»fcUT©*»©* 
^fiSD50«, 7.5 M mT'feofcCDT% e?*»OJ*#« 
0 05 ^nrCS*. ft 6nfc«HtS y CD 

2%T*fc* t ««Jtt±0. 082T'fc 

K*tti»J«©8** 0. 1-150 /iraK^***** 

LT 1moldm-30LiCI04=&jg^^/'c7 P a tf 
#*-h*fflV>T. ^7K5S-^mftfi«r^Sbfec *©:£ 

^fifcfiflj 2 3 

SSSgHSW. 1500«CT*2B#IS (#rS3I*25lC/hr) CD 



m XVtM, Rttte*tflMinMT©t(l*©f^**** 

u ne»#**-r* «>©•?*> *> , awfiwwww 

< fc9*£iMbK©fe<'' > £ fctffoJ^ofco SENIUM 

c fc^snft, count* l 

T, fttt*fl«U W^fcLT1w>ld»-3©LICI04*» 
-To 

ifttfOAitJiSB (tfi,L,^KSD50=7.5ftin, KSEtfW). 1—1 
50 /inu d002=0. 336nnu Lc=100nnk La=97nnu tt^®*» 
= 10. 8m2/g. Rfil=0.26, *JtS2. 25g/cm3) 50gi:^4t>- 
#QI«*MSUfctt^1<«:©=i-.'t/*»-»/ ' J V 
3p»»2.9%, b;l/x>^»»7.8» 100gi:^1000mlO-b 
A U;U7 5 X n tc An« 200iC*ff 1»2«Fia«ff«^ 1/ ^ 
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